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ABSTRACT

A broad spectrum agglutinin in the haemolymph of the pond snail, Lymnaea
stagnalis, is described. At dilutions ranging up to 1/2048 it agglutinated eryth-

rocytes of several sources, bacteria and yeast cells. Haemolymph of some specimens

agglutinated all types of cells, whereas that of others did not agglutinate human
and sheep erythrocytes.

In inhibition tests with a variety of carbohydrates, D-galactose, L-forms of some

monosaccharides, and 3 polysaccharides, especially L. stagnalis galactogen, were

good inhibitors.

The agglutinin is a protein with a M.W. of approximately 60,000.

It was demonstrated in vitro that the agglutinin probably has opsonizing prop-
erties.

INTRODUCTION

Agglutinins occur in the haemolymph of gastropod molluscs and of other in-

vertebrates (e.g. Pauley et al., 1971; Acton and Weinheimer, 1975; Tripp, 1975;

Stein and Basch, 1979). Such haemolymph agglutinins may play a role in internal

defense as opsonins (Renwrantz et al., 1981).

In Lymnaea stagnalis the haemolymph has opsonic activity (Sminia et al.,

1979). Also, since clotting of foreign particles was observed in the circulation of

L. stagnalis (Van der Knaap et al., 198 la), we investigated the haemolymph for

the presence of agglutinins. These were found and some of their properties are

described here.

MATERIALSANDMETHODS

Agglutinin assays

Serum was prepared from haemolymph (Van der Knaap et al., 1 98 la), collected

from laboratory bred mature specimens (shell height 27-32 mm)of the pond snail,

Lymnaea stagnalis. Titrations were performed in Cooke microtiter plates with V-

bottomed wells of 200 yul capacity. Serum was serially two-fold diluted with phos-

phate-buffered saline (PBS; 0.01 MPhosphate, 0.15 MNaCl, pH 7.4) in 100 Ml

quantities. To each well, 100 /ul of a 1% (v/v) suspension of foreign cells in PBS
was added. For undiluted serum, the osmolality was adjusted to that of human
serum, and 5 ^1 of a 10% cell suspension was added. After incubation for 2 h at

room temperature liters were read macroscopically as the reciprocals of the greatest
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dilutions giving total agglutination. Foreign cells used were human (bloodgroups

Al, A2, B, AB and O), sheep and rabbit red blood cells, Staphylococcus sapro-

phyticus and Escherichia coli (bacteria), and Sacchar omyces cerevisiae (yeast).

The erythrocytes were provided by the Department of Haematology, University

Hospital, Vrije Universiteit, Amsterdam; the bacteria were grown overnight in

Oxoid nutrient broth, harvested and washed in PBS; the yeast was purchased from

a local bakery.

Adsorption tests

After the above titrations, 1 50 /ul of supernatant fluid was carefully transferred

from each well into a new well and 10 ^1 of a 10% cell suspension was added to

each well; these cells were either of the same type as in the original test, or of

another type.

Induction of agglutinin

Since agglutinin liters varied considerably among individual snails (see results),

3 experiments were performed to ascertain whether very high titers (in type I snails,

see results) had been induced by previous or persistent contact between the defense

system and foreign materials. In the first experiment, agglutinin titers were deter-

mined in haemolymph samples of 50 field collected specimens of L. stagnalis. In

the second experiment, groups of 10 snails with very low agglutinin titers were

injected (Van der Knaap et al., 198 la) 3 times at 1 wk intervals with the following
substances: 10 /*! of snail Ringer (Van der Knaap et al., 1981a; control snails), 10

H\ of total haemolymph from snails with very high agglutinin titers, or 10 v\ of

snail Ringer containing 1 X 10
8

live bacteria (grown as described above). Bacteria

used were E. coli, S. saprophyticus, and 4 unidentified species. The latter were

isolated by spreading 100 /il quantities of snail haemolymph on nutrient broth

(Oxoid) agar plates, which were then incubated at 37C. Of the colonies which

had grown overnight, 4 were selected which could be distinguished by their shape
and color, and which arose from haemolymph of snails with very high agglutinin

titers only. One wk after the third injection, haemolymph was sampled and agglu-
tinin titers of individual samples were determined. It was established whether titers

in experimental animals differed from those in controls. In the third experiment,
7 snails with very high agglutinin titers were kept isolated for 2 wks; then, freshly

laid egg masses were collected and pooled. When the shell height of the snails

hatched from these egg masses reached 27 mm, agglutinin titers were determined

in haemolymph samples of 200 randomly chosen specimens.

Agglutination inhibition

In inhibition tests (and all other tests to be mentioned hereafter) only human
A erythrocytes were used as foreign cells. A group of saccharides (see Table II)

based on comparable published results (e.g. Khalap et al., 1970), was tested for

their capacity to inhibit agglutination. Of monosaccharides, both D- and L-isomers

were tested. Saccharides were purchased from Sigma or Merck; galactogen, pre-

pared from L. stagnalis albumen glands, was a gift from Prof. Dr. J. Joosse.

Qualitative tests were performed by making dilution series of snail serum in PBS
(see above) and adding 50 /ul of PBS containing 3.6 mg of a saccharide to each

well. After incubation for 1 h, 50 /ul of a 2% erythrocyte suspension was added to

each well, and titers were read 2 h later. Quantitative tests were performed by
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making a two-fold dilution series of each saccharide (resulting in 50 n\ quantities

of PBS containing 7.2, 3.6, 1.8, 0.9 and 0.45 mg sugar per well) and adding 100

H\ of a fixed concentration of snail serum to each well; this serum concentration

contained 4 times the minimum concentration required for total agglutination in

the absence of an inhibitor. After incubation for 1 h, and adding 50 ^1 of a 2%

erythrocyte suspension, liters were read as above.

Nature of agglutinin

To test for stability of aggiutinin to temperature, batches of pooled serum (from

10 snails) were heated to 40, 60, 80 and 100C for 30 min. Also, pooled serum

was stored at room temperature for 24 and 48 h. Sediments, if formed during

treatment, were removed by centrifugation, and agglutination tilers of the super-

natant fluids were determined.

To determine the molecular nature of the agglutinin, ammonium sulphate,

trichloroacetic acid (TCA), or ethanol were added to aliquots of pooled serum

to final concentrations of 0, 10, 20, 30, 40 and 50% (w/v, w/v, v/v, respectively).

Precipitates were removed by centrifugation and the supernatant fluids were dia-

lyzed against 0.9% NaCl (lyophilized and dissolved in the original volume of

distilled water in the case of ethanol precipitation) and agglutinin liters were de-

termined.

Enzymatic digeslion was done wilh Irypsin (Worlhinglon), pronase E (Merck),

Lipase (Sigma), /3-glucosidase (BDH), and w-amylase (Boehringer), dissolved in

PBS and added to serum in final concentralions of 0.2%. To conlrol serum, heal-

inaclivaled enzymes or PBS were added. Afler incubation at 37C for 1 h, agglu-
tinin lilralions were performed al 4C.

Isolation of agglutinin

Since Ihe oxygen-binding blood pigmenl haemocyanin binds lo foreign malerials

(Van der Knaap et al., 198 Ib) and mighl be an agglulinin, il was removed from

serum (pH adjusled lo 7.2) by ullracenlrifugalion for 1 h al 100,000 X g. The

haemocyanin pellel was resuspended in Ihe original volume of PBS. Agglulinin
lilers were delermined in Ihe supernalanl fluid, in the haemocyanin suspension,

and in Ihe original serum.

Based on Ihe resulls of the above menlioned experimenl, addilional experimenls
were performed to isolate agglutinin from haemocyanin-free snail serum by column

chromalography. Gel fillralion (Ishiyama et al., 1973) on Sephadex G200 (Phar-

macia), anion exchange chromalography on Cellex D (Bio Rad) and Bio-Gel A
(Bio Rad), and calion exchange chromatography on SP-Sephadex C50 (Pharmacia)
were Iried. None of Ihe eluled fraclions had agglulinaling capacily, probably be-

cause Ihe agglulinin bound very slrongly lo Ihe gel malrices (all carbohydrales).

Therefore, we chose lo perform gel fillralion on a non-carbohydrale gel malerial.

Of haemocyanin-free snail serum, 2 ml was eluled from a 90 X 0.9 cm Bio Gel

P60 (polyacrylamide, Bio Rad) column wilh 50 mMPBS (flowrale of 1.5 ml/h).

Prolein-containing peaks (as delermined by UV absorplion) were lyophilized, dis-

solved in
!

/ 3 of the original volume of dislilled waler, and lesled for agglulinaling

aclivily.

Function of agglulinin

To assess whelher agglulinin has opsonizing properties, in vitro phagocylosis
of formalized human erythrocyles by amoebocyles was measured in haemolymph
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of snails with high agglutinin tilers (see results, agglutinin assays) and in that of

snails with low liters (method: Sminia et al., 1979).

RESULTS

Agglutinin assays

Agglutinating activity was detected in the haemolymph of all L. stagnalis spec-

imens tested. Among individual snails liters varied considerably (0-2048, see Table

I). Variation occurred according to a fixed pattern and the snails could be divided

into 2 groups: Ihose whose serum agglulinaled all lypes of cells lesled (lype I

snails), and Ihose whose serum did nol agglulinale human and sheep erythrocyles,

but did agglulinale rabbit erythrocyles, bacleria and yeasl (lype II snails). Of 200

laboralory-bred snails, 184 were of lype II; Ihe remaining 16 were of lype I.

Adsorption tests

During Ihe usual liler lesls Ihe agglulinaling aclivily of sera was reduced,

presumably by adsorplion lo Ihe foreign cells (final concenlralion 0.5% v/v). Afler

lesls wilh lype I serum agglulinalion occurred in Ihe supernalanl fluids of only Ihe

firsl and very slighlly Ihe second well if Ihe same lype of cell was used as in Ihe

firsl lest. If cells of another type lhan in Ihe firsl lesl were used in Ihe second test,

the number of wells slill conlaining agglulinaling aclivily was higher; agglutinin

could still be delecled in Ihe supernalanl fluids of wells 1 and 2 if Ihe liler was

very high in Ihe firsl lesl (e.g. 2048 wilh rabbil erylhrocyles), and of wells 1 Ihrough
4 if the tiler was low in Ihe firsl lesl (e.g. 32 wilh S. saprophyticus bacleria). Of
far less influence lhan Ihe liler in Ihe firsl lesl was Ihe exlenl of similarily belween

Ihe lype of cell used in Ihe firsl and Ihe second lesl (e.g. afler lesling wilh human
Al erylhrocyles, Ihe supernalanl fluid of well 1 agglulinaled human Al or A2

erylhrocyles, Ihe fluids of wells 1 and 2 agglulinaled human Oerylhrocyles, whereas

Ihose of wells 1, 2 and 3 agglulinaled E. coli bacleria).

Afler lesls wilh lype II serum, comparable resulls were found as wilh lype I

serum. Allhough human and sheep erylhrocyles were nol agglulinaled in Ihe firsl

lesls (see Table I), Ihey reduced agglulinaling aclivily of lype II serum (Ihis could

TABLE I

Agglutinin tilers in L. Stagnalis serum.

Foreign cell tested
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be measured with rabbit erythrocytes, the bacteria, and yeast cells only, see Table

I) to the same extent as they did in type I serum.

Induction of agglutinin

Of 50 field collected snails, 49 were type II and 1 was type I. In the haemolymph
of all 50 specimens unidentified parasites and bacteria were observed with phase-
contrast microscopy. It therefore is unlikely that the higher agglutinin tilers in type
I snails were induced non-specifically by persistent contact between the defense

system and these foreign organisms.

Agglutinin titers in type II snails were unaltered after repeated injections with

any of 6 bacterial species (4 of which had been isolated from type I snails), or with

type I haemolymph. This makes it highly improbable that certain bacteria or viruses

would have specifically induced higher agglutinin titers in type I snails.

Of 200 specimens reared from egg masses laid by type I snails, 1 20 were type

I, whereas in the normal laboratory snail stock only 16 out of 200 were type I.

Therefore, it is likely that heredity rather than induction determines whether a

snail is of type I.

Agglutination inhibition

Agglutination of human A erythrocytes in type I serum was inhibited by car-

bohydrates. Since the inhibitory effect of each saccharide varied per experiment,

ranges of effectivity observed in 4 qualitative and 4 quantitative tests are listed in

Table II.

Nature of agglutinin

Type I serum, heated to 40C for 30 min, or stored at room temperature for

24 h agglutinated human A erythrocytes with the same titers as fresh serum. If

TABLE II

Inhibition of L. stagnalis agglutinin by saccharides.

Monosaccharides D-Isomer L-Isomer Other saccharides

arabinose
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TABLE III

Agglutinin liters of serum after addition of ammonium sulphate (in % w/v final concentration),

TCA (% w/v), or ethanol (% v/vj.

% final concentration

Precipitant 10 20 30 40 50

Amm. sulphate
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FIGURE 1. In vitro phagocytic activity of amoebocytes in pooled haemolymph of 5 type I snails

(dashed columns) and of 5 type II snails (open columns). Phagocytosis was stopped after 15, 30 and

45 min, and the percentages of amoebocytes (n = 300) that had phagocytosed (Fig. 1A) and the mean

numbers of ingested human erythrocytes per amoebocyte (Fig. IB) were determined. Means S.D. of

3 parallel experiments are given.

or more receptor sites (so that sufficient cross-linking between erythrocytes can not

occur). This supposition is in agreement with the observation that, besides hae-

mocyanin, only one substance in pooled snail haemolymph binds to foreign cells

(Van der Knaap et al., 198 Ib).

Differences in agglutinin tilers among haemolymph samples of different species

within one molluscan genus (Gilbertson and Etges, 1967; Michelson and Dubois,

1977), of different strains within one species (Gilbertson and Etges, 1967; Stan-

islawski et al., 1976; Michelson and Dubois, 1977), and of different specimens
within one strain (Michelson and Dubois, 1977) appear to be a general phenomenon.
It has been suggested that it could be of use for taxonomic purposes (Gilbertson

and Etges, 1967; Michelson and Dubois, 1977). Repeated injections of type II

snails with type I total haemolymph, or with bacteria which could be isolated from

type I snails only, did not result in higher titers. Therefore it is unlikely that the

stronger agglutinin in type I snails was induced by a viral or bacterial infection.

A snail's agglutinin type (I or II) is apparently genetically determined, since 60%
of the progeny of type I snails that had been isolated for several weeks were of

type I, whereas in the normal laboratory stock this percentage was 8.

In the present study rabbit erythrocytes were the red cells that were agglutinated
best. Some other molluscan sera show a similar activity in this respect (e.g. Tripp,

1966; Gilbertson and Etges, 1967; Jenkin and Rowley, 1970). Sera of 6 specimens
of Viviparus malleatus agglutinated rabbit red cells only, and gave titers compa-
rable to those found in type II haemolymph in the present study (Cheng and

Sanders, 1962). Possibly in this species differences in agglutinating activity com-

parable to those in L. stagnalis occur among individual snails.

The agglutinins in L. stagnalis work non-specifically, since they have a broad

action spectrum: type II serum agglutinates at least 3 species of micro-organisms

plus rabbit red ceils, whereas type I agglutinin is in addition directed against sheep
red cells and human erythrocytes, without showing ABObloodgroup specificity.

Another argument for the non-specificity of L. stagnalis agglutinin is that adsorp-
tion of serum with any of the foreign cells markedly reduced titers against all other
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cell types. In addition, the non-specificity of L. stagnalis agglutinin was evidenced

by the inhibition tests: of 24 sugars tested, 9 inhibited the agglutinin in all ex-

periments.
Of 8 D-isomers of monosaccharides, only D-galactose was a good inhibitor:

although giving only slight inhibition, it was effective in all experiments. Interaction

between D-galactose and molluscan agglutinins is not unusual (Khalap et al., 1970;
Baldo et al., 1977). On the other hand, of 7 L-isomers, 5 were good inhibitors. It

is tempting to state that these biologically uncommon sugars would be receptor
sites par excellence for recognition factors. Strikingly, N-ac-galactosamine and
related sugars, which are strong inhibitors of molluscan agglutinins (e.g. McDade
and Tripp, 1967; Kiihnemund and Kohler, 1969; Khalap et al., 1970; Arimoto and

Tripp, 1977; Michelson and Dubois, 1977; Uhlenbruck et al., 1979) had little or

no effect on L. stagnalis agglutinin. Polysaccharides seem to be stronger inhibitors

than the monomers that they are composed of: cellulose and glycogen were good
inhibitors, whereas D-glucose was not; obviously the nature of the linkage between
the monosaccharides is essential, since starch had no inhibiting effects. Poly-D-

galactose, i.e. L. stagnalis galactogen, proved to be by far the best inhibitor in the

present study. This is not surprising, since galactogens interact strongly with mol-

luscan agglutinins (Uhlenbruck et al., 1979).

The agglutinin is obviously of proteinaceous nature because it was precipitated

by ammonium sulphate, ethanol, and TCA; it was unstable to heat and was in-

activated by pronase and by trypsin. Since it was not affected by enzymes which

degrade lipids and carbohydrates the molecule may be pure protein, or it may
contain carbohydrate and lipid moieties which are either masked or not essential

for the functioning of the molecule. The agglutinin is not identical with the blood

pigment haemocyanin. This was corroborated by the results of gel filtration on Bio-

Gel P60 columns. Since protein with agglutinating power was eluted in a shoulder

of the void volume, the M.W. must be just less than 60,000. The small peak in

the lower M.W. range with agglutinating activity may have contained agglutinin
subunits.

Molluscan agglutinins have been shown to act as opsonins, both in vitro (e.g.

Arimoto and Tripp, 1977) and in vivo (e.g. Renwrantz et al., 1981). Opsonizing

activity was demonstrated in the serum of L. stagnalis by Sminia et al. (1979),

and indications were found (Van der Knaap et al., 1981b) that this opsonin is

identical with the agglutinin described in the present study. The present study is

in agreement with the concept that L. stagnalis agglutinin has opsonizing properties:

in in vitro phagocytosis both the percentage of amoebocytes phagocytosing human

erythrocytes, and the number of red cells engulfed per amoebocyte were higher in

the stronger agglutinating type I, than in type II haemolymph.
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